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Science and the Air Forces
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Air Cormand and Staff School, Maxwell Field, Alabama)
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Hugh L. Dryden, Associate Director
National Bureau of Standards

Introduction

The mission of the Air Forces in time of peace is to establish
the air power deemed necessary for our national security. The
revolutionary developments of the last war, in particular, radar,
rocket-propelled missiles and atomic bombs have focused attention
on the role of modern science as a factor in air power. Hence it
is apprepriate that you as future leaders in the Air Forces should
try to understand what science is and how i1t operates and that you
should be brought into contact with current ideas about the
principles and practices which nust be followed to secure the help
of the scientific resources of the nation in doing your job.

This lecture attempts to give you some general information
abeut the path from discoveries in pure science to new weapons;
the broader role of science as a method of attacking all of your
problems, and the responsibility of the Air Forces in prounoting
science itself. We shall then discuss the gouls, principles,
difficulties, and necessary courses of action to insure qooperation
in scientific matters between research agencies and the Air Forces
and between industry and the Air Forces. Following this, we will
examine the nethods available for developing an atmosphere favorable
to the support and use of science within the Air Forces itself at
the command, staff, and operating levels,.

Science and the Development of lew Veapons

A femiliar method in wijich science may operate to assist the
Air Forces 1s that of contributing to the development of new or
improved weapeons, i,e. specific items of military equipment., Any
such weapon usuully has & long and complicated pedigree. A large
number of persens are involved in its development and it springs
from many apparently unrelated scientific discoveries of the past.
| To ask what individual invented it has a&s nuch meaning and no rore
(as to ask who 1s your ancestor. Tach generation you go back
multiplies the number. While inventive ability is still of great
importance, the individual inventor plays a small role in most
developuents today. The striking advances in the last war came
from the mobilization of a large number of people with a variety
of skills directing their efforts toward a conmmon task, i.e. from
such groups as the Peenemunde group, or the Radiatlon Labordtory.
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Any development of a specific weapon involves a large
Lumber of steps, sowe of which may be omitted in specisl cases.,
Ve may label the steps as follows: pure science, applied
science, development, laboratory tests, service tests,
production, training, tactical evaluation, service use. The
steps are interrelated and can not always be separated. The
virtue of the well organized attack is that continuous contact
is maintained between groups responsible for the various steps.

Perhaps & concrete illustration will be helpful in under-
standing these steps. Let us consider the radio proximity fuze.
As most of you know it is a small transmnitting radio station
with a receiver to detect any reflections of the transmitted
wave. It i1s used to explode & projectile on close approach to
an air target or to the ground. Some of the investigations in
pure science without which this development would have been
impossible are those relating to radio wave propageation; emission
of ions from hot filaments; conduction of electricity in gases
at low pressure; electrical circuits producing <slectrical
oscillations; magnetic materials (alnico); conduction of
electricity through crystuls; chemistry of plasties, In the
development it was necessery to do some fundanental scientific
studies of radio reflections frowm aircraft and of radiation
patterns fron antennas,

Some of the past developments in the field of applied
science on which the development of the radio proximity fuze
was dependent are electrical genvrators, rectifiers, filiers,
amplifier tubes, the thyratron tube, plastics, electrical
insulating materials with good properties at high frequencies.

Serie of the development problems for this application were
small rugeged tubes to withstand vibration and shock; small
generators rotating at very high speeds with little vibration;
stable electrical circuits permitting large tolerances on
accuracy of components; insulating materials of improved
luechanical properties, rugged resistors and condensers.

The other steps are riore familiar. A great variety of
laboratory tests were devised and components and complete fuzes
were tested. Service tests were nade at proving groeunds. The
fuzes were placed in production, and production quality control
tests developed. ilitary personnel were trained in the
inspection, hendling and use. Tactical evaluation tests were
made by military agencies and the fuzes were finally used
against the enemy.

Beginnine with the third step, the development stage, all
of the remaining steps were accomnplished between December 1940
and August 1949. For strategic reasons service use was delayed
more than a year. During the whole period of development there
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was a continuous interchange of information and reaction from the
results ottained at any stage on the preceding with consequent
specuing of development. However u4s one gets back to the applied
science and pure science stages the effect of the reactions from
the final stages diminishes., It is important to realize that this
results from the fundamental fact that each step can draw upon all
existing knowledge available at the preceding level and also
stiwulate the preceding level to advance by further exploitation

of the one before until the pure science level is reached. Here we
are in contact with the unknown and the mere existence of some
practical goal is of no help. The discovery of radio waves was

net made by Hertz because of any practical task such as & proximity
fuze or even the goal of long distance communication. R8entgen's
discovery of X-rays was not stimulated by any desire to see through
solid objects. '

There are strong interactions between pure and applied
science as applied science develops better tools to explore the
unknown. Likewlse applied science applies all of the techniques
of pure science to exploit in detail major fields of knowledge
and to meke advances. Butbt if scientists understand their own
subject correctly, the setting of such & task a&s guiding a missile
at 3000 mile range will not help much in meking an advance in :
pure science to aid the solution. If an early solution is required,
applied science and engincering development groups must solve the
problen as best they can with available tools,

The United States has been outstanding and has rapidly taken
the leadership in applied science but has definitely contributed
less than its due proportion to pure science, largely because our
national characteristics are such &s to emphasize immediately
useful practicel goals and to be less interested in projects which
promise material benefits only at some future date, Today's applied
science rests on the pure scileunce of the preceding generation,
knowledge of whichh is taken for granted. Just as replacing eur
forests or the fertility of the soil scems to have less attraction
to our American wmincd than the rapid exploitation of presently
available resources, so the support of pure science is less popular
than the application and exploitatiown of scientific knowledge
currently available,

The present military system of establishing requirements based
on service needs is effective in the development of new weapens,
provided the requirements are consistent with the state of develop-
ment of pure sclence, To make significant progress pure science
itself must be supported in its efforts to advance fundamental
knowledge without the limitation of too specific practical goals..
llany authorities have culled attention to the fact the applications
of pure scicnce have practically caught up with the knowledge
available, '



-

The Broader Role of Science

The last war not only demonstrated the great power of
science, especially when scientists were organized into groups
incorporating specialists in a large number of fields, 1n
developing new and effective weapons but also saw the birth of
a much broader application of science to military problemns,

This broader application arose from & consideration of military
problems and objectives in the niost general manner, stating then
in terms of overall tasks to be accomplished rather than in terms
of the component steps calling for specific weapons, In this
apprlication science was not restricted to applying physics and
chemistry to produce gadgets, but the scientific method of
procedure wuas #&pplied to tactical and strategic problems. This
work was pioneered by the operational analysis groups attached

to the staff -of most of the field commanders,

An example of this broader application of gcience that
might well be studied in detail by the student is the inves-
tiration of the rost efficient B-29 formations carried out by
the Army Air Foroes and the MNational Defense Research Committee,
The problems were formuleted in such general terms as "In whuat
way, how frequently, and how effectively can fighter planes
attack a single B-29 airplane? 4 squadron of B-29's with
standard stacking?"

The sclentific procedure involves such features as objective
and quantitative analysis, objective observation of datal use
of experimental method where possible, coutrol and study of
effects of variables one at a time where possible, and willing-
ness to use all availuable techniques snd sources of expert
knowledge. These procedures can be applied to practically any
type of problem with profitable results, and this fact was being
discovered usgain and again by military leaders towards the end
of the last war.

In terms of such broad problens, the mission of the Air
Forces has been analyzed from the technical point of view by
Dr. Th von Karmen, chairman of the AAF Scientific Advisory Board,
as follows: '

To move swiftly &nd transport loads through the air
To locate targets and recognize them

To hit targets accurately

To cause destruction

To function independently of weather and darkness
To defeat enemy interference

To perfect comnunications

To defend home territory
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Air power is directly proportional to the effectiveness with
which these tasks can be accomplished by the equipment and
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persennel at hand or available .ia a very short time. It is the
broajer role of science to inquire as to the most effective
solution of these tasks, to supgest lines of developrment of the
most suitable types of equipment, to aid in such developments,
to devise methods of test, and to evaluate performance from

the standpecint of the brouad task to be accomplished.

The Responsibility of the Air Forces

Tvery citizen and every group of citizens including those
from science and industry has an inescapable responsibility
for national defense and the security of the nation. To the
Alr Forces, however, is entrusted the final responsibility for
insuring thet the nation is prepared to wage victorious air
warfare offensively and defensively if attacked. This responsi-
bility can not be delegated to any other agency, yet the Air
Fforces would be unwise to rely solely on its own resources in
the fulfillment of their responsibility. The Air Forces should
call on all available tulent and facilities in the nation and
should sponsor the crewtive work of scientists and engineers
so necessary to the creation of nationzl strength. The tasks
set should include broad as well as specific assignments and
long-range as well us short-term tasks,

The Air Forces must assume leadership in securing the
cocperation of scileiice and industry. All three groups must arrive
at an understanding of the principles, gouls, difficulties and
necessary actions by each group to fulfill their separate
responsibilities for nuticnal security. The problem of securting
this cooperation during peace time is a very difficult one and
positive steps nust be taken by &ll those concerned.

In addition to the utilization of scientific and industrial
organizations and of technical skills and abilities wherever
found, the Alr Forces have definite responsibilities for improving
their own utilization of science and scientific methods.,
Ferconnel at all levels must include many more scientifically
quelified men and all personnel must have grester knowledge of
the methods und possible accomplishuents of science, 1ore
effective use must be made of the technical skills of men already
in the Air Forces family and of the AAF scientific and technical
facilities. The Air Forces must recruit and train qualified
personnel for their own scientific work.

Cocperation between Science and
the AIr Forces

(toal.- The goal of the cooperation between science and the
AIr Forces has been stated in muny ways, for example by Colonel
Gluntzberg, "to huilld that effective purtnership which will
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maintain for the United States that technical superiority

in the uir needed to insure victory in any future war", In
ordur to enphasize thet this 1s 8 mutual goal we may restate

it in terms of results to be accomplished within each group,
nariely, to create within the Air Forces a scientific atmosphere
and to develop a continuing interest on the part of leading
scilentists in the problems of air warfare. If these goals are
reocned, technical superiority will be attained,

The creation eof & scientific atmosphere within the Air
Forces implies not onuly the building of an arganization in which
the scientific method and procedure is applied in the broadest
possible way but still more the development of an esprit de corps
favorable to these methods and procedures. There must be not only
@ willingness but a desire to use objective and quantitative pro-
cedures where possible, to rely, in technical matters especially,
on those with expert knowledge, and to look for technical leader-
ship to technically qualified leaders.

The interest of lsading scientists in the problems of air
warfare is of course greatly affected by the scientific stature
of the Air Forces. HNowever leading scientists should be interested
in the scientific stature of the Alr Forces ag well as in ather
scientific problems of the Air Forces. The goal is here stated as
one for the scientists who have now come to realize the necessity
of coring to grips with problems arising from the impact of science
on society.

Frineiples. - Cooperatiol between science and the Air Forces
should be based on certain principles which are now well known.
These are as follows:

l. An adequate nationel progran. for extending the frontiers
of knowledge in various fields of science is a necessary adjunct
to the naintenance of the nilitary security of the nation.

Frevious experience has shown that every scientific
devel: pment eventudlly finds its way into activities
conhected with warfare, Modern war is increasingly
total warfare and utilizes all the resources of the
nations involved. Fundamental or basic research which
is here under consideration requires time. Whereas
applied research and development can be expedited by
the applicaticn of more money &and munpower, fundamental
reseurch contulng many unpredictable elements and un-
‘controllable fectors. Wars are fought with weapons
based on fundenentals discovered during the preceding
years of peace, It is therefor clear that military
authorities should foster fundementsl as well as
applied scientific research,
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2. Fundamental scientific research is dependent en an
atmosphere of freedon from irnediate specific goals and time
tubles, freedon to discuss and exchange ideas, and freedonm from
controls and restrictions.

The discoveryv of new knowledge is an intellectual
activity of the highest type and flourishes only in the
stmosphere of greatest freedom. We shall see thut many
of the difficulties of cooperation arise from the
implications of this principle and its apparent
conflict with militury practices,

O+ Tire results of fundemental research are applicable in
noui-military as well as nilitary fields, and furnish the broad
bage from wihich all applied research and industrial developments
procecd. :

This principle has many implications, Whereas, us
previously stated, the military wuthorities sheuld
foster fundemental research, they should in no way
diotate or control the use of the results. The Air
Forces should muaintain close liaison to keep informed
on developrients with immedlate military applications,
It is uppropriute that sone of the cost of fundamental

research but not the whole cost be charged to nmilitary
preparedness,

4, As sclentific developnents proceed fror the staceqof
pure research to applicd research and to development, free
enterprise and initiative shiould be maintained and centralized
dictatorial control of projects, funds, and facilities, should
be @voided,

Ideas and skills are widely dispersed. BEven though
the gouls of upplied research and development projects
are concrete and speciflc, the attack on these goals
should be diversified. TFreedom of the ugencies and
sclentists eneguaged in the work 1s a necessity here as

“in fundamental research if the best use is to be made
of their abilities.

Difficulties, - It is well to fuce frankly seme of the
difficulties which have arisen or which may arise in cooperation
between science and the Alr Forces. Puerhaps the foremost is
that of the uappurent conflict between scientific freedom &and
military security. The point of view of the scientist has been
ably presented by L. M. Ridenour in un article in the November
1945 issue of Fortune, There is no disaereement on the desira-
bility of secrecev in peace-time on the details of the design

and performance of military weupens, procurement statistics,
tactical and strategicual plans, and similar matters. The

-
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scientist feels, however, that any attempt at secrecy on basic
scientific matters is actually detrimental to national security.
In the first place it is ilieflective, because the phenomena

of nature are¢ universal and csn not be kept hidden; and in the
second place secrecy handicaps the exchange and interplay of
discussion between soientists which accelerates progress. The
scientist feels that the best guarantee of securlty is the
naintenance of technical leadership.

Secrecy regulations alse introduce difficulties in acquainting
civilian groups with the status of Air Forces technical problens,
These regulations 8re¢ sonetimes misused to conceal incompetence,
to sccure political advantage, and to indirectly control the
release of scientific information by civilian groups. These
abuses n.ust of course be corrected.

A second difficulty arises from the very different nethod
required to successfully conduct fundamental research as compared
with that required on an applied research or developnent project.
Development projects can be definitely scheduled, their cost
and tine estimates can be nade, and their rate of pregress can
oe to a large extent controlled by varying the anount of financial
support. So long as they involve no new fundamental scientific
knowledge, & successful result can be practically gusranteed
if sufficient funds and qualified personnel are available, In
fundamental research on the cther hand the outcome of any
specific project can not be guaranteed to be that desired. The
estimates of cost and time are almost always found to be illusory.

For example, once tile smnall nuclear energy pile at Chfcage
showed the possibility of & chain reaction, the development of
the atomic bomb was only a matter of money and effort. It was
a development project and other nations can be expected also to
complete a sinilar or better development by the expenditure of
money and effort, Likewise the developument of nuclear power
rlants is a development project. On the other hand the develonp-
ment of a cure for cancer or of an accurate long range missile
1s not a development project., The fundamental scientific knowledge
of the cause of cancer, and the factors controlling cell growth
are not yet available., Similarly the basic knowledge required
in the leng ranece rilssile problen is not at hand. While it is
proovable that the expenditure of time and money will accelerate
the solution of such problems, it is not certain, The necessary
advance may come fror some obscure worker and perhaps from
sonw one not even working on these particular problems at all.

The results of a development project are physical; those
of fundamental research mental and intangible, Anhy liaison
officer can see progress in pieces of equipment completed, or
even drawings or reports in progress., Progress in fundamental
research is erratic asnd may even be backward for a time., It
can net be measured by the volume of a report or by man hours
expendeds, The scientist himself can not foresee the possible
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applications of his results or evaluate their true worth. lany
ot the difficulties between scientists and military men arise
from confusion between research work and development work and

the attenpt to accomplish by the development procedure & job
which requires fundamental research rather than applied research.
For example, guided missile development requires fundamental
research., It 1s not known whether an anti-v2 missile can be
made to work or not., There is little prospect of success in
solving this problem by a one-year development project.

A third semurce of difficulty lies in the differences in Y
teniperament between scientists and military men. Scientists
are led; military men are commanded. Scientists have only
th. authority of personal competence; military men have the
authority established by their rank. An ideal scilentific
organization consists of an association of small groups with
each menher free to make suggestions to be considered on their
merits and led by iien whose technical accowmplishments command
respect and enwlation. A military organization has a chain
of cormand and each nan is trained to obey the orders of his
superior officer regardless of his personal judgment, Afficers
are trainced to make quick decisions. This training und tenpera-
nient so necegsary on the battlefleld is entirely unsuited to
scientific work. I have purposely painted the characteristic
teriperanents in sharp contrast, knowing that the ideal military
officer leads rather than orders and that discipline is necessary
even in a scientific orgunization, However all of you should
be familiar with the fact that scieutific people are auntagonized
by too much comm&nd. //f
A fourth source of difficulty arises from the dif ferent .
coticepts of allocation of credit for ideas and work and the
handling of publicity and public relations in general. In most
scientific organizations with a few exceptions ewphasis is placed-
on the personal contributions of the individual. In a military
organization as well as in many industrial organizations the
individual is subordinated to the group. Team work is stressed;
there may be individual recognition of individuals within the
group but it is the work of the whole team which is emphasized
in public relations., The scientist aims to give references
in his repmrts and publications to other individual workers and
enphasizes that no one person or group is solely responsible
for scientific edvances. The nilitary orgenization is likely to
overemphasize its own cgutributions and to avoid any mention ef
the work of any other group. In a mest flagrant casc recently
a contractor purchased a standard rocket motor, placed a wooden
shell around it with wings and teil, and fired the rocket. The
publicity release from the military agency had much talk of anti
V-2 missiles and implied considerable progress towsrd a solution.
Actually no real advance had been accomplished. Such incidents
are bound to cause difficulty.
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It is believed that these difficulties can be overcome if
there is mutual understendine and a desire to find a solution.
Sone definite suggestions will now be given with greatest
attention given to actions which should be taken by the Air
Forces since this lecture is addressed to Air Force officers.

Suepested Action by Scientific Groups. - There 1s a tendency on
the part of sonec sclentific groups to adopt an extremely narrow
point of view toward their own responsibilities to the nation,

to take pride in the technical excellerice of their accomplishments
but to take no responsibility for the sociological effects of their
activities. Since the scientific method requires the isolation

of certain aspects of natural phenoniena and the ignoring of

other aspects considered non-essential to the particular problen,
sclentists have & tendenoy to live in ivory towers out of contact
with the world of commerce, industry, and human affairs. Fortunate-
ly these isolationist tendencies are passing and it is to be
expected that scientists will accept some responsibility for
national defense. While scientists prefer to devote their energies
to peaceful pursuits and to call attention to the contributions

of sclence to human welfare, they can not safely ignore completely
the possibility of future wars. Hence every scientist and
scientific group must sse thet steps are tuken to keep in touch
with problems of wuarfure, distasteful as tiie task may be,

It is also sugrested that sclentists nake a sincere effort
to understand the responsibility of our military forces and
resolve to offer constructive rather than destructive criticism,
As stated before the problem of securiiig cooperation betwaen
science and the Air Forces in peace time is an extremely difficult
problem and requires for its solution constructive thinking on
the part of all councerned. Scientists should be willing to take
part in the education of military personnel, to serve as consultants
and members of advisory committees, and to give a certain fraction
of thelir scientific effort to military problems. First hand
contacts make for the desired mutual understanding or high light
conditions in scientific institutions and in the Air Forces which
require correction, The building of the necessary partnership
requires effort on the part of both groups and is not & one-sided
affair,

Supggested Action by the Air Forces. - The steps which should be
taken by the Alr Forces to foster cooperation between science
and the Air Forces wsre studied at considerable length by the
Scientific Advisory Group to the Commanding General AAF and the
following susgestions result largely from the work of that group.

The security problern can be solved by two steps:-

l, Ldopt the point of view of the scientists toward
fundamental sclentific data even in such fields as
supersonic aerodynamics, terminal ballistics, jet
propulsion. All such data not referriig to specifiec
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military weapons or their design should be unclassified
and military as well as civilian personnel should not
only be permitted but encouraged to take part in the
discussion of such matters at soclety meetings and
publication of individual scientific contributions in
technical Jjournals,

2, Adopt the point of view of the military toward
design studies of military weapons and the application
of science to military problems. However, take steps
to bring civilians into the partnership aud establish
a forum for discussion. The idea of compartmentalizing
information on technical developments is entirely wrong
and limits the rate of progress. Such security measures
should be limited to operational planning. The specific
neasures suggested are the establishment of libraries
of classified material in various technical fields avail-
able to properly cleared civilian scientists, the
establishment of & scientific society with cleared civilian
and military members holding classified meetings and
publishing a classified journal.

The Alr Forces sheuld support direct ruesearch contracts
between the Air Forces and scientific institutions both for funda-
mental and for applied research projects. A type of contract
and working relationship which enables freedom .in the methods
used and recognizes the presence of unknown factors in research
work should be developw:d. The procurement contract is definitely
unsatisfactory. ‘Provision should be made for statementsof goals
in general terms and for reasonable continuity of effort. Air
Force personnel must learn the difference between a research
problen and a development problem.

The Air Forces should exchange personnel with civilian
scientific institutions. The Air Force personnel should not be
assigned as reporters or as liaison or as supervisory officials
but merely for the purpose of learning. They should be assigned
for extended periods and preferably teke part in the actual
scientific work. Similarly arrangements should be made for
civilian personnel to work in service laborateries and at service
proving grounds and test stations.

The Air Forces at all levels should make use of civilian
scientific consultants. They should be admitted as partners
in the formulation of scientific policy and brought into contact
with current problems. They should not be regarded as prophets
of the future but a&s persnns whose knowledge and experience
sheuld be utilized both in current problems and in planning for
the future,

The Air Forces should give consideration to the formulation
of cooperative laboratories in which the Air Forces would handle
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administrative, financial, and nanagerial questions and the
staff members of the civilian agency would supply scientific
direction. 1In this way a high level of leadership could be
obtained which might not be reaoched in an institution in which
the scientists were employees of the Air Forces.

Finally the Air Forces should undertake the establishment
of a scientific reserve built up of scientists who have been
associated by exchange with civilian institutions or otherwise
with the technical problems of the Air Forces.

To sum up, science must be accepted as a real partner not
as a hired hand to develop and operate gadgets.,

Cooperation between Industry and the Air Forces

In the appliceation of science to the development of weapons
we must consider not only scientists and scientific organizations
devoted to pure and applied rescarch but also those agencles
engaged in the develepment and manufacture of military equip-~
ment which meke possible the wide application of science in
providing the physical tocls used by the Air Forces. Ye turn
our attention now to cooperation between industry end the Air Forces.

Goal. - The goul 1s here the same as before, to bring industry into
the partnership, to create & mutual understanding between industry
and the Air Forces so that each is conscious of the other's problems,
and to interest industry in Air Force development problems,

Industry has in general been primarily interested ig production
and has been unwilling to devote the efforts of its leading
scientists and engineers to developnent problens. Prorits have
been a necessity for continued existence in a highly competitive
world and profits are not usually to be found in the development
of weapons. But industry also has u patriotic duty in peace as
well as in war to devote sowme of its energy to national security
and some nethod nust be found to nake this effort not only a
matter of duty reluctantly undertaken but also @ stimulating and
challenging experience to be solicited.

Principles. -~ 1In this area also certain principles may be stéted
which have found general agreement., These are as follows:

1. Many military developments have no peacetime application
and hence there is no comwerciasl incentive for industry to under-
take them.

Kven a casual acquaintance with the development of
rifles, cannons, tanks, high explosives, etc., snows
that not enly 1s there an absence of the usual
incentives to develop these weapens, but there is
actually a stigma attached to these industries in
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' peace time. Their leaders are often accused of being

2.
duction

S

war mongers and of soliciting business from our future
enemies., Aeronautical developments have been along
more fortunate lines because of the extensive use of
aireraft in civil aviation. However the coming of
supersonic speeds aud pilotless aircraft is widening
the gap between civil and military aircraft and some
at least of the types of air weapouns have no counter-
part in civil aviation. Hence the same problems may
be expected to arise as are present in ordnance
development.

Industry should have & development as well as the pro-
function,

The present relative role of the military agencies
and industry in the development of new weapens and
methods of warfare varies with the different types of
weapons., Txperience teaches that a partnership gives
the best overall result and that each partner must take
part in the development process. lanufacturing organiz-
ations witheut development groups within then are
inflexible and tend to opposec the progresrive improve-
ment of equipment. On the other hand tihe experience
of any manufacturing organization is too limited in the
problems of the Air Forces to permit entrusting them
with complete responsibility for development, The use
of both groups, military and industrial, brings to bear
a more varied knowledge and diverse skills as wall as
a greater number of persons. Furthermore and perhaps
most important, the assignment of & share in the
creative development of new things is the best method
known of enlisting and maintaining interest. A further
consideration is that the competitive element in private.
industry in the development of new products brings out
the best specific desigus.

The Air Forces riust have the ultinete responsibility for

evaluation of the final results.,

4.

Since the Air Forces are accountable for national
security, they rwust be charged with the ultimate
responsibility for evaluation of new methods and equip-
nent. In this evaluation they may and should seek
advice and utilize scientists and scientific methods,
but the responsibility can not be shared with industry
or with civilian scientific orgenizations.

Because of the time required to place newly developed

equipment into large scale manufacture and to train personnel in

its use,

there must be in peace time the closest cooperation

and consideration of the views and experiences of both groups
as to industrial preparedness.,
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It is essential to give some thought always to
the procedures and nethods for making new eguipment
available to the Alr Forces in time of need. Advances
in scientific knowledge are constantly making existing
equipment obsolescent or obsolete and therefore the
degree of national security rapidly declines when
reliance is placed on large quantities of existing
equipment rather than on quality. The Ordnance
Service has had a sonewhat longer experience in
cultivating close industry-QOiunance relations and
this experience may be werth study by the Air Forces.

Difficulties., =~ The potential difficulties in Air Forces-industry
cooperatlion appear to me to lie in the questions of profits,
patent policy, proprietary infermation, and means of expanding
production in.time of need.

The question of the profits to be permitted to industry
for development work is a matter of public policy just as is
the question of profits on the manufacture of military equip-
ment. There are wide differences of opinion which need not
concern us in our present discussion. It is desirable that the
Air Forces and industry come to some mutual agreement as to a
pelicy to be recommended to the nation to remove this subject
as & possible obstacle to cooperation, As will be discussed later
one forward step would be to lessen the risk sf development
contracts to be no greater than that for production contracts.
In that case, speaking as an individual citizen, I belieye that
agreement could be reached on some definite profit allowance in
peacetime with & lower or perhaps zero rate in war tine.

The second source of difficulty is that of patent policy. As
is well known there are wide differences of opinion as to the
patent privileges which should be retained by an industrial group
conducting development projects under government contract., The
difficulty arises from the very naturc of the patent structure
in mest modern scientific developments. The art rests on the
work of large numbers of people &and most individual patents are
of limited utility unless a great many other patents are also
available for use., I.auwustry itself has found 1t necessary to
work out cross-licensing agreements. When industry takes on a
development project, it utilizes all of its existing knowledge
of the art including many patents already held., The first question
is then as to the availability of these patents to the government;
the second is as to the availability of these and other patents
taken not during the development project to other contractors
for the government,; and the third is as to the rights to the
commercial use of the patents taken out during the development
project for non-military purposes., Here as in the case of profits
it is desirable but perhaps impossible to arrive at a general
policy acceptable to industry, the Air Forces, and the general
public. '
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The third possible difficulty is another version of the
second, namely, the extent of use of technical data and of
other so-called proprictary information not protected by patents,
It is often of value to the Air Forces to disseminate technical
deta in new fields as widely as possible to its contractors.
This is now the case in jet propulsion, guided missiles, and
supersonic aerodynarnics. Likewise in war time it is often
desirable to take a product completely developed by one company
and turn over all drawings, plans, and technical data to
another company for obtaining increased production. With few
exceptions, industry cooperated extremely well during the war
and is now cooperating in the disseminatioun of technical infor-
mation in the newer technical fields. However this matter is
obviously a possible point of difficulty and a mutually satis-
factory policy should be sgreed upon,

The final point of possible difficulty relates to the
extent of use of new and inexperienced contractors, It is quite
obvious that development should proceed rmost rapidly and arrive
at a better result in the hands of industrial organizations
with well-qualified personnel, good facilities, and long
experience. On the other hand the production facilities of
these organizations may be insufficient to produce the quantity
required in an emergency. Shall other new contractors be given
development contracts largely for educstional purposes? What
use if any shculd be made of relatively small organizations?
Neither the policy of supporting a "chosen instrument" in
peace time or of educating competing groups fully satisfies the
demands of high-quality technical development and good industrial
preparedness; the first may lead to single-track development and
stagnation, the other to inefficient use of resources.

Suggested Action by Industry. - In peace time industrial as well
as scilentific organlizations prefer to turn their attention to the
development and manufacture of equipment and products to promote
human welfare. Nevertheless industry also has & patriotic duty
to devote a certain percent of its effort to the problem of
national security. The action suggested by industry is the formal
recognition of this responsibility, the establishment of small :
development - groups and the acceptance of development contracts,
Perhaps industry advisory cormiittees could be set up to work out
Jointly with the Air Forces the general policies which should
govern such work.

Sugegested Action by the Air Ferces. - In order to secure the
cooperation of Industry 1t is essential that the Air Forces
clearly distinpuish development projects from procurewent con-
tracts. The types of contract, nature of supervision, and
method of evaluating the results obtained are so different that
the two activities should be handled by different groups,
Specifically, practlically every scientist and engineer who will
express an opinien recommends the removal of procureuent
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activities from Wright Field and the assignient of technlcully
trained personnel to handle development contracts.

In many of the nodern developmentsg test facilities ars
required of a magnitude too large to be furnished to each con-
tractor at goveriment expense. In such cases the large
facilities must be provided by the governuent at a single
location but to sccomplish their purpose they must be available
for use by the engineers of the contractor. Vhile the govern-
rient must control the assignment of priorities and determine
the length of time the facilities are to be used on a particular
develorment project, the contractors engineers sheuld control
the actual use of the time., Ii the same facilities are te be
used by the Air Forces for evaluation tests, these tests should
be made et a later date by Air Forces engineers when the
industrial group is ready for such tests,

When the ovaluation is completed ef equipment for which
there 1s no commercial use and it 1s determined that there is a
tactical or strategic requirement for the equipment in time of
war, the Air Forces should support teoling and pilot productlon
of the new equipment, bearing the full cost.

The Air Forces should in cooperution with industry work
out an orderly plan for the usc of both development and production
facilities in peace time. These plans should be flexible and
adapted to various levels of expenditure. It is the respon51bility
of the Air Forces to determine and recommend that level of
e¢xpenditure deemed necessary to retain leadership in technical
progress.

The Air Forces should invite the cooperation of the commercial
air lines and privately operated air transport facilities for trlals
of navigation systems, opcrating procedures, handling of mail,
passengers, and freight. 1In this way an increased body of
operating expericnce will be obtained and & rescervoir of trained
personnel suitable for air transport operations will be maintained.

By these and other steps which will occur to you &an effective
teem will be created to pool the e¢fforts of pure scientists,
applied scientists, engineers, production experts, industrial &nd
military plenners, &nd Air Forces operating personnel to riaintain
the United Stutes strong and safe against asggression,
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ive Use of 8Scientific and Technical
Facllities withiln the Alr Forces

We now turnu our attention more specifically to science
witnin the Air Forces orgenizution 1tself and the steps to be
taken to improve the utilization of science and scientific
riethods by a4ir Forces personnel. The physical tools for the
scientific and technical development and evaluation of new weapons
and new tactics are lsboratories, test stations, aad proving
grounds. The Alr Forces must have such facilities and use
then effectively.

The Air Forces does in fact operate laboratories, test
stations, and proving grounds and many of its facilities are
outstanding. If vou are not already acquainted with ther, you
will presumably have the opportunity to become so during this
course of study. The Lir Forces have been very proeressive in
planning new facilities and have been reasonably successful in
securing funds for first rate apperatus and equipment. The
present facilities are, however, inadequate in the light of the
more recent scientific developments.,

In the first place the present facilities are largely
confined to the development of the physical weapons such &as air-
craft, guns, electronic equipment, etc, and insufficient attention
is piven to the human operatars both in their capacity as biological
mecinanisms and as intelligent beings seeking to accomplish certain
end results. The aeromedical laboratory has made a fine Start
in its studies of the effect of environment on the performance of
hurman beings. However, the resources of the other biological
scicnces such as psychology should also be brought to bear on the
problernis of aerial warfare, llot only training aids and training
methods but &lso the relations between mechanical design of devices
and their effective use by human being require scientific study.
Likewise the methods of operational analysis should be further
developed. All of these developrnients require physical facilities
ili the form of laboratories, cownputing machines, measuring instru-
ments, etc. It is probable that & nore intensive study of the
field would reveal other arcas not covered by present facilities.

In the second place the modern scientific developments have
shown the hecessity of much closer integration of the contributions
of the specialist laboratories. 7Tven in aircraft design it is
nov recognized that the armament and electronic equipment cen not
be regarded as accessories to be installed on almost any aircraft
after completion. Just as the engine sand airframe have always
had tc be designed together as a unit, so now the complete military
weapon rust be designed and develepped as one integrated whole. The
coming of guided missiles has further emphasized this need, for in
these weapqns there is no human intelligence or skill to give some
coizpensation for poor design, It is no longer possible to develop
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sepairately engine, air frame, electronic equipment, armament and
sesenble them into a satisfectory weapen. The whole purpose of -
the weapon gust be studizd and tne conflicts in desigun requirements
of the components resolved in such & way as to best accomplish

the purpose.

The German experience indicates the effectivencss of develop-
ment centers like the one at Peenenunde for such purposes. Develop-
ment centers are needed to carry on such inteerated development
programs in three fields, i.e. supersonic and pilotless aircraft,
nuclear aircraft, and aircraft operations. The first is self-
explanatory, the second deals with the application of nuclear energy
to aircraft propulsion, while the third provides for the study of
traffic control at militery air fields, fighter control, radar and
telcvision applications to navigation and other operations, and
similar rmatters. T understeand that the Alr Forces are taking steps
to meet these needs although probably not in the <xact forn
suggested.,

Fvelopment centers of tinls type are likely to involve test |
installations of large size and cost and requiring large amounts
of powcer, Such large facilities present nany special problems.
Because of the size, cost, and power requirements, the nation
can not support more than one such facility of any given type.
However there arc many groups wishing to use large facilities,
including other governmental agencies, nilitary and civilian,
munufacturers holding goverunent contracts, and other civilian
groups.  Some method of administration riust be devised to sinsure
thut ull qualified groups can Join in using the facility for the
best interests of the nation.

ILaboratorivs, test stations, and proving grounds are in
thumscelves only physical tools to be used by men. The effective
usc of the facilities depends entirely on the caliber of the
men ucing them. It is o comnon nistake of laymen to judge the
scicntific competence of a laboratory by the number, variety,
aind wppearance of speclal picces of upparatus. Some of the most
inpressive luborutorics turn out poor scientific work and many
of th: major contributions to science have come from poorly
equipped aud poorly supported laboratories. Of course goed tools
he:lp in producing good results. The point to be made is that
the cffective usc of scientific and technical facilities demands
the boest possible personnel, and that good facilities are not
& substitute for able scientists. ‘¢ are thus led to consider
the scientific wnd technical training of AAF personnel.

Seientific and Technicul Trainineg of Air Forces Perscnnel

The recruitment and training of scientific pursonncl to
staff the scvrvice laborateries, test stations, and proving grounds
is but oue aspect of the broad problum of the socicvntific and
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technical training of Air Forces percsonnel. Vell qualified and
able scientists are nzeded not only in the research and develop-
ment activities but also on the staff and with the operating units.
Moreover all personnel in positions of respousibility should te
able to evaluate scientific facts with sound Jjudgment and with

some vision of future developments:

The training need is thus a dual one. e can not expect
that every member of the Air Forces will be trained as a
specialist in all fields of science and engineering, but special-
ists in all fields are needed. TFach member must attain & broad
knowledge of scientific and technical matters and some must be
leaders in highly specialized fields. Without such leaders the
Air Forces are doomed to mediocrity in scientific and technical
matters with & persennel who are jacks of all tradces and masters
of none. The program of education and training in science nust
provide both types of training. The needs for highly specific
and specialized training of technical leaders are as great as
those for similar specialized treining of tactical leaders.

The fact that leadership can be maintained only by &an
organization containing specialists in various-fields has many
implications as to personnel pelicies which will be discussed
in further detail somewhat later. It should be mentioned here
however that specialists can have expert knoewledge in only one
or a few related fields and hence their knowledge is useless
unless they are assigned to duties in those fields.

It is desirable that all scientific and technical personnel
including the specialists have some broad training in tactical
matters and that many become aircraft pilots. I do not believe
that this training can or should be carried to the point where
the man is regarded interchangeably as expert scientist, expert
tactician, and expert pilot. WNeither do I believe that the
holding of & pilot's rating shnuld be made a prerequisite to the
holding of positions whose principal duties are scientific and
technical, There is no direct relaticn between ability as a
pilot and ability as & scientist or engineer. 3ome pilots are
alse scientists, and some scieutists are pilots but the nuuwber
of persons with combined skills is smull, The results of
entrusting technical decisions to technically unqualified persons
are inefficiency, waste, and delay, '

It is desirable that all A.r Forces persennel have some
actual experience in deing scieutific work, preferably co-
ordinated theoretical asnd experimental work, early in their
career under the guidance of qualified scientists. The best
way of learning is by deing. This eXperience may be nothing
more than the usual laberatory course in a civilian school, or
it may be obtained in one of the service laborateries. The
assignnent of personnel to do actual experimental or design
work at a service laboratory should be as essential an element



in the breud training of Air Forces lecaders as assignment for duty
ith s field operating group. Mo person should try to direct a

development laboratory or any important development project who has v

not had actual experience in development work. A constant source

of difficulty in military development is the project officer without:

sctual oxperience 1n labeoratory or shop.

The Air Forces personnel consists of military and civilian
groups, both of whom need to be trained in science., %y tradition
the military group is the more niobile and the civilian group
more fixed in location and type of work, It is thercfore to be
cXpscted that the more highly specialized scientists would bes
found in civilian positions. The constant change in assignment
of military personnel from one type of activity to another and
the current policies as to promotion and advancement tend to
disceurage speciulization, I think this situation is unfortunate
for tie Air Forces. It is to the advantags of the Air Forces
to have its sclentific facilities directed by military personnel
but it is of much greater advantage to have them headecd by able
sclentists and engineers. Seme method must be found by means
of vwhich military personnel with scientific and technical back-
ground arc given extended advanced training in secicnce (not short
courses) and assigned to the lcvading technical positions, The
alternate solution, less desirable in my opinion, is to set
up the AAF scientific facilities under civilian direction.

The AAF .es & recrultnent problen as well as a training
problen in the filling of its scientific and techinical positions.
The biggest source is at present the large number of people with
scicntific buckground who arce alrsady in the Air Forces but
whose sclentifio skills are not being utilized. Another feeder
should ve the graduating classes at various celleges, with special
sttention given to the ROTC groups.

The scientific training can be given by many methods and at
many places. The regular Arny officer will ordinerily have
received scientific truining at Yest Point, the civilian scientist
and ruserve officer at & civilian college, all prior to jeining
the Air Forces., After entering the Air Forces, formal training
meéy be given in a service schecl such as the Air Forces Institute
of Technology at 'right Field or in & civilisn university,
Ordinarily it is nost effective to give advanced training at a
civilian university and arrangements are new in ferce to send
selected Air Forces officers for graduate study &t varieus
universities, Similar arrangerients should be made for civilian
employees of the Air Forces. 1In both cases, definite procedures
should be cstablished to assign persons receiving such training
to technical duties and to retain them in such positions,

In all sclentific work it 1s necessary to keep up to date
with technical advances. For this purpose the individual should
be encouraged to read widely and to sssociate hinself with other
scientists in technical societies, As previously mentioned, the
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classified nature of much of the scientific work in the Air Forces
suggests the establishment of a new technical society or institute
of military sciences with cleared membership, classified meetings,
and classified publications.

Another method of continued training already mentioned is
the exchange of personnel with other scientific laboratories.
The Air Forces personnel sheuld stay a sufficient length of time
to take purt in scientific work and make some contribution to it.

Furmal repeat and refresher courses, especially in new fields
of science and technology and lectures by civilian and military
scientists are other methods of training personnel. Courses of
short duration of the highly specific type are of great value teo
technicians who will be called upon to service and maintain new
weapons., It is however not practical to give adequate prnfessional
training by such short courses. Opportunities should be provided
for periodic assignment of technical personnel to civilian
universities for periods up to one ysar for additional training
and for refresher courses. The curriculum for such courses should
be worked out Jeintly by the Air Forces and the universities.

Induction of Scientific Ideas in Command and staff.

Major advances have already been mwade at the cormand and
staff levele in providing for the introduction of scientific ideas.
General H. H. Arnold had the foresight to originate the duvelop-
ment of & long-range research program and created the gefentific
Advisory Group under thz leadership of Professor Th. von Karman
to advise him. Gencral Spaatz has likewisc established a
Scientific Advisory Eoard with Prof. von Ifarnen as director to
advise hiw on scientific matters and e¢specially te study the long-
range scientific needs of the Air Forces. (General Lellay as Deputy
Chief of Air staff for Research and Development is directly
responsible to the Commanding General for coordinating the research
and development activities of the Air Forces. These actions are
evidence of the sincere interest of the top management of the
Air Forces in the fuller exploitation of scieuntific knowledge &and
scientific developments.

In most large business enterprises it has been found desirable
to separate the research and development function froun manu-
facturing and other operations. Many scientists sincerely believe
that the Air Forces sheuld separate research and develepment frem
procurement, making the Deputy Cchief of Air Staff for Research =
and Development directly responsible for carrying out the research
and development activities. They believe that the rigid linking
of research and development to the present type of military require-
rients handicaps the development of novel weapons. They believe
that the scientists responsible for rescarch and development should
decide what developments are worth investigation. If the military
requirements cover merely an improved form of existing weapen,
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the procurenent agency could probebly obtain the desired article
using the developnent facilities of industry. Those who oppose
the scparation of the two functions fear that the research and
developrient effort will be diffused into impractical half-baked
schemnes without consideration of the real needs as seen by the
operating groups. I tiiink that the oxperience of the lust war
taurht the value of contributions from free research and develop-
ment groups and showed thsat such groups need not be unmindful

of field conditions, llany of the most valusble new weapons had
to be sold to the operating groups and the selling was often
assisted by enemy use of similar devices.

[ full use is to be made of scientific talent, scientific
personnel nust be introduced into all of the ma jor divisions
of the top administration of the Air Forces, not merely in the
intterial grcups. Perhaps the most urgent need is a complete
overhauling of pérsoniugl policy to provide for the effective
utilization of scientists. The theory thet any intelligent officer
can direct any organization, military, technical, or scientific
is certainly obsolete as 1s the theory that any intelligent
person can be adequately trained to do creative scientific work
by accelerated short-term courses in technicul subjects. Both
in the rndlitary personnel administration and in the Ccivil gervice
Commission steps must be taken to pluce the selection, training,
classification, promoticn and assignment of scientific and
technical personnel in the hands of men v'ho heve themselves had
a sclentific or technicul backgrouand. Further the direction of
scientific work rust be placed ou & par with general adnmin-
istration and cowmand positions and should carry a military rank
commelsurate with the importance of the work. Scieutific and
techrical personnel must be retained in the same assignment for
& sufficient lenpth of tine to enable ther. to make substantial
centributions, Promotion must be dependent con scientific and
techniecal accomplishuents to a greater degree than on mere
senlority. Tspecilally at the present time when there is a great
shortage of scientists and engineers, the Air Forces shnuld take
ever'y step possible to make full use of the talents of present
persontiel. There is a belief anong civilian scientists that
there are now witnin the Air Forces many scientists and engincers
who are not assigned to tecnnical wori bucause of the application
to them of general policies which affect all members of the Air
Forces but which ars particularly unsuitable for application
to persons in whom there is a large investment of specisl training
end experience.

4 second need 1s fer the more effective use of scientists
in the intelligence getivities of the Air Forces. It is not
possible to train non-scientlists to evaluate the significance
of scientific and technical work. It has beceme essential te
have scicntists associated with our militery attaches abroad
to maintain contact with goneral scientific progress, It is
desirable to send scientists of the Air Forces persconnel, military



and civilian, to international scientific congresses, and to send
some scientists of the Air Forces to foreign educational
institutions for study. Since scientific advances nay be made
anywhere in the world, it is only by such means that the Air
Forces can keep in touch with scientific develepments which have
application to aerial warfare, A certain number of scientists
and engineers are needed for the purpose of examining patents
subnitted and to keep in touch with domestic scientific groups.
In the present time of shortage of technical personnel, the
diversion of scientists from actual development work to liaison
and intelligence activities should be kept to a minimum., Such
duties would be suitable for short period assignments of research
and development personnel.

A third need is for the mere effective use of science in
plans and operations and in particular the develepment of improved
methods of operational analysis. This is a comparatively new
field in which much pioneering work was dornie during the last war,
}uch rem&ains to be done. T.ere must be integrated planning
by scientist and strategic and tactical planner for the evolution
of methods of aerial warfere and of new weapons and their strategic
use. '

Conclusion.

In this lecture I have tried to bring out the opportunities,
problems, and difficulties which confront military and scientific
personnel in establishing that mutual understanding and confidence
essential to the fermulation of a working partnership. ¥ fear
that the recent spectacular explaitation of that scientific
knowledge which was slowly and painfully accumulated over a number
of years of peace by scientists of many nations has oversold
science and led many persons to unwarrented expectations. Science
is not a magic producer of miracles but a method or progedure
of tackling problems which has led to many spectacular results,

I hope that yeu may have received seme understanding of the
contributions to be expected from science and some incentive to
further study,





